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(57) ABSTRACT

An mterface apparatus includes a pulse generating unit
which detects the change of reading target data and gener-
ates a start pulse, an adjusting unit which generates an
adjusting signal that changes from a first signal level to a
second signal level 1n response to the start pulse, a register
unit comprising a register which fetches first reading target
data synchronously with a clock when the adjusting signal 1s
at the second signal level, and holds the data and outputs the
data as second reading target data when the adjusting signal
1s at the first signal level, and a driver unit which outputs the
first reading target data synchronously with the reading
signal that 1s asynchronous with the clock when the adjust-
ing signal 1s at the second signal level, and outputs the
second reading target data synchronously with the reading
signal when the adjusting signal 1s at the first signal level.

14 Claims, 8 Drawing Sheets
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1
INTERFACE APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to an interface apparatus
and, more particularly, to an interface apparatus for trans-
ferring data between devices which are asynchronously
operated.

2. Description of the Related Art

Conventionally, systems 1n which a CPU 1s connected to
asynchronously-operated peripheral devices via a bus 1s well
known. In the systems, a waiting cycle for a waiting opera-
tion until a synchronous timing with an operating clock
(hereinbelow, referred to as an external clock) is inserted in
a bus cycle of the CPU, thereby performing a control
operation. It 1s requested that the performance due to the
insertion of the waiting cycle 1s improved.

In order to respond to the above-mentioned request, as
one related art, Japanese Unexamined Patent Application
Publication No. 8-335162 discloses an “mput interface
circuit”. In the 1input mnterface circuit, data from a peripheral
device 1s fetched and held both at a rising edge and at a
falling edge of an external clock CLK. A reading signal RS
for instructing an operation to fetch the data from the
peripheral device 1s outputted from a CPU and then the input
interface circuit samples the external clock CLK by the
reading signal RS from the CPU. If data as a result of
sampling is at the high level (hereinafter, referred to as an H
level), the data fetched and held at the rising edge 1s selected
and 1s sent to the CPU. If the data as the result of sampling
is at the low level (hereinafter, referred to as an L level), the
data fetched and held at the falling edge 1s selected and 1s

sent to the CPU.

Further, as another related art, Japanese Unexamined
Patent Application Publication No. 2000-76180 discloses a
bus connecting apparatus and an information processing
system 1n which the transfer performance 1s improved by
cffectively using a buifer. Furthermore, Japanese Unexam-
ined Patent Application Publication No. 6-274460 discloses
a data communication apparatus between processors run-
ning at different speeds in which the operating efficiency of
a fast processor 1s improved.

In addition, Japanese Unexamined Patent Application
Publication No. 11-338821 discloses an asynchronous data
transfer apparatus in which the overhead upon transferring
data to a low-speed bus to a high-speed bus 1s reduced as
much as possible with only a single-stage data buifer nec-
essary for synchronization with the clock and the system
performance 1s 1mproved by continuously using data at the
low-speed bus.

However, 1in the 1nput interface circuit disclosed 1n Japa-
nese Unexamined Patent Application Publication No.
8-335162, 1f a pulse width of the reading signal RS 1s 50%
or more of that of the external clock CLK, dangerously,
normal data 1s not obtained because the data from the

peripheral device changes even during the reading operation
of the CPU.

Further, the level of the external clock CLK 1s used to
select any of the data fetched at the rising edge of the
external clock CLK and the data fetched at the falling edge.

Therefore, the design and adjustment are troublesome
because they are strictly performed to always set a duty ratio
of the external clock CLK constant.

SUMMARY OF THE INVENTION

The present invention 1s devised in consideration of the
above-mentioned situation. Accordingly, 1t 1s an object of
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the present invention to provide an interface apparatus in
which data i1s normally transferred between a plurality of
devices which are asynchronously operated 1rrespective of
periods of operating clocks of the devices.

In order to accomplish the foregoing object, according to
a first aspect of the present invention, there 1s provided an
interface apparatus comprising: a pulse generating unit
which detects the change of reading target data and gener-
ates a start pulse; an adjusting unmit which generates an
adjusting signal that changes from a first signal level to a
second signal level 1n response to the start pulse generated
by the pulse generating unit; a register unit comprising a data
holding register which fetches first reading target data syn-
chronously with a clock that 1s externally supplied when the
adjusting signal 1s at the second signal level, and holds the
data and outputs the data as second reading target data when

the adjusting signal 1s at the first signal level; and a driver
unit which outputs the first reading target data synchro-
nously with a reading signal that 1s asynchronous with the
clock when the adjusting signal 1s at the second signal level,
and outputs the second reading target data synchronously
with the reading signal when the adjusting signal 1s at the
first signal level.

Further, according to a second aspect of the present
invention, there 1s provided an interface apparatus set
between a peripheral device and a bus, comprising: an
adjusting unit which generates an adjusting signal that
changes from a first signal level to a second signal level 1n
response to a start pulse inputted from the peripheral device;
a register unit comprising a data holding register which
fetches first reading target data synchronously with a clock
that 1s supplied from the peripheral device when the adjust-
ing signal 1s at the second signal level, and holds and outputs
the data as second reading target data when the adjusting
signal 1s at the first signal level; and a driver unit which
outputs the first reading target data synchronously with a
reading signal that 1s externally supplied asynchronously
with the clock when the adjusting signal 1s at the second
signal level, and outputs the second reading target data
synchronously with the reading signal when the adjusting
signal 1s at the first signal level.

The above and other objects and features of the present
invention will become apparent from the following detailed
description and the appended claims with reference to the
accompanying drawings.

BRIEF DESCRIPITION OF THE DRAWINGS

The attached drawings of the present invention are briefly
described so as to be clearly understood.

FIG. 1 1s a block diagram showing the structure of an
interface apparatus according to a first embodiment of the
present 1nvention;

FIG. 2 1s a circuit diagram of the interface apparatus
according to the first embodiment;

FIG. 3 1s a timing chart for explaining an operation of the
interface apparatus according to the first embodiment;

FIG. 4 1s a circuit diagram showing the structure of an
interface apparatus according to a second embodiment of the
present 1nvention;

FIG. 5 1s a timing chart for explaining an operation of the
interface apparatus according to the second embodiment;

FIG. 6 1s a block diagram showing the structure of an
interface apparatus according to a third embodiment of the
present 1nvention;

FIG. 7 1s a block diagram showing the structure of an
interface apparatus according to a fourth embodiment of the
present 1nvention; and
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FIG. 8 1s a block diagram showing the structure of an
interface apparatus according to a fifth embodiment of the
present mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinbelow, a detailed description 1s given of preferred
embodiments of the present invention with reference to the
attached drawings. The following describes the embodi-
ments of the present invention and the present invention 1s
not limited to this.

FIG. 1 1s a block diagram showing the structure of an
interface apparatus according to a first embodiment of the
present 1nvention. An interface apparatus according to the
first embodiment comprises a pulse generating unit 11, an
adjusting unit 12, a register unit 13, a driver unit 15, and an
inverter 16.

The pulse generating unit 11 receives a reading target data
updating signal DUS which changes upon updating reading,
target data RTD and then generates a start pulse S11.

The adjusting unit 12 generates an adjusting signal S13
which changes from a first signal (L level) to a second signal
level (H level) in response to the start pulse S11 which is
generated by the pulse generating unit 11.

The register unit 13 comprises: a data writing register 131
which fetches reading target data RTD that 1s externally
supplied when the adjusting signal S13 1s at the first signal
level, synchronously with an external clock CLK and which
holds data D13 and outputs data D13 as first reading target
data when the adjusting signal S13 1s at the second signal
level; and a data holding register 132 which fetches the data
D13 1nto the external clock CLK when the adjusting signal
S13 1s at the second signal level, holds the data when the
adjusting signal S13 1s at the first signal level, and outputs
data D14 as second reading target data.

The driver unit 15 outputs the data D13 synchronously
with a reading signal RS externally supplied asynchronously
with the external clock CLK when the adjusting signal S13
1s at the second signal level, and further outputs the data D14
synchronously with the reading signal RS when the adjust-
ing signal S13 1s at the first signal level.

The inverter 16 receives the adjusting signal S13, gener-
ates an 1nverse signal thereof, and supplies the data to the
register unit 13.

In the interface apparatus according to the first
embodiment, the reading target data RTD sent from a
peripheral device (not shown) is updated at a timing of
falling change of the reading target data updating signal
DUS transmitted from the peripheral device. Hereinbelow, a
description is given of the case in which a CPU (not shown)
fetches the reading target data RTD from the peripheral
device as reading data RD via a bus (not shown) which
connects the interface apparatus and the CPU.

FIG. 2 1s a circuit diagram showing the structure of the
interface apparatus according to the first embodiment of the
present invention. Hereinbelow, a detailed description 1s

orven of the structure of blocks shown in FIG. 1 with
reference to FIG. 2.

The pulse generating unit 11 comprises a so-called digital
differentiating circuit which detects the falling change of the
reading target data updating signal DUS and which gener-
ates the start pulse S11 that becomes the H level only for a
single period of the external clock CLK. The external clock
CLK and the reading target data updating signal DUS are
supplied to the pulse generating unit 11 from the peripheral
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device (not shown). The external clock CLK is the same as
an operating clock used by the peripheral device. The
reading target data updating changing signal DUS changes
synchronously with the external clock CLK. The falling
change of the reading target data updating signal DUS
indicates the change of the reading target data RTD.

Speciifically, the pulse generating unit 11 comprises a D
flip-flop 110, an mnverter 111, and an AND gate 112.

The external clock CLK 1s supplied to a clock input
terminal of the D flip-flop 110, and the reading target data
updating signal DUS 1s supplied to a data mnput terminal D.
Further, the reading target updating signal DUS 1s supplied
to one 1mput terminal of the AND gate 112 via the inverter
111. A signal from an output terminal Q of the D flip-flop 110
1s supplied to another mput terminal of the AND gate 112.

The reading target data updating signal DUS keeps the H
level until the reading target data RTD 1s updated. Theretore,
the H-level signal 1s outputted from the output terminal Q of
the D flip-flop 110 until the reading target updating signal
DUS 1s updated. In this status, the reading target data
updating signal DUS changes from the H level to the L level
synchronously with the rising change of the external clock
CLK and then an output signal from the AND gate 112
changes from the L level to the H level.

The D flip-flop 110 always samples the reading target data
updating signal DUS by the external clock CLK.
Consequently, a signal from the output terminal Q of the D
flip-flop 110 changes to the L level by the rising change of
the first external clock CLK after the reading target data
updating signal DUS changes from the H level to the L level.
By the above-mentioned operations, the AND gate 112
outputs the start pulse S11 at the H level for a period from
the H level to the L level change of the reading target data
updating signal DUS to the rising change of the next external
clock CLK. The start pulse S11 generated by the pulse
generating unit 11 1s sent to the adjusting unit 12.

The adjusting unit 12 outputs an adjusting signal S13
which permits to write data to the data holding register 132
1in response to the start pulse S11 from the pulse generating
unmit 11, mitializes itself, and waits until fetching the next
start pulse S11. The adjusting unit 12 maintains the adjusting
signal S13 while the reading signal RS sent from the CPU
(not shown) is active (at the H level), namely, during a
reading period.

The start pulse S11 1s supplied to the adjusting unit 12
from the pulse generating unit 11, and the external clock
CLK 1s supplied to the adjusting unit 12 from the peripheral
device (not shown), and the reading signal RS is supplied
from the CPU (not shown). The CPU supplies the reading
signal RS asynchronously with the external clock CLK and
requests an operation for fetching the reading target data
RTD. The mterface apparatus outputs the reading target data
RTD while the reading signal RS is active (at the H level).
More strictly, the interface apparatus responds to the reading
signal RS and outputs the reading target data RTD which 1s
held 1n the register unit 13 or 14. Thus, the reading target
data RTD which changes asynchronously becomes synchro-
nous with the reading signal RS.

Specifically, the adjusting unit 12 comprises an OR gate
120, a D thip-flop 121, a D thip-tflop 122 with an enable 1nput
terminal EN, and an mverter 123.

The start pulse S11 from the pulse generating unit 11 1s
mnputted to one mput terminal of the OR gate 120. A signal
S12 from an output terminal Q of the D flip-flop 121 1is
inputted to another input terminal of the OR gate 120. The
OR gate 120 forms logical OR of the start pulse S11 and the
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signal S12 and supplies the logical OR to a data input
terminal D of the D flip-flop 121.

The D tlip-flop 121 fetches and stores a signal supplied to
a data mnput terminal D from the OR gate 120 synchronously
with the rising change of the external clock CLK. The signal
S12 outputted from the output terminal Q of the D flip-flop
121 1s supplied to the other input terminal of the OR gate 120
as mentioned above. Consequently, 1f the D flip-tlop 121 1s
set once by the start pulse S11, it 1s continuously set until the
adjusting signal S13 as a reset signal 1s supplied to a reset
input terminal R. Further, the signal S12 outputted from an
output terminal Q of the D flip-flop 122 1s supplied to a data

input terminal D of the D flip-flop 122.

Only when a signal supplied to the enable mput terminal
EN 1s at the H level, the D flip-flop 122 fetches and stores

the signal S12 supplied to the data input terminal D from the
output terminal Q of the D flip-flop 121 synchronously with
the rising change of the external clock CLK. The reading
signal RS 1s inverted by the inverter 123 and 1s supplied to
the enable input terminal EN of the D flip-flop 122.
Therefore, when the reading signal RS is not active (at the
H level), namely, only for a period except for the reading
one, the D flip-tlop 122 fetches and stores the signal S12.

The adjusting signal S13 outputted from the output ter-
minal Q of the D thip-flop 122 1s supplied to the reset input
terminal R of the D tlip-flop 121 and 1s supplied to an input
terminal of the inverter 16 and the enable mnput terminal EN
of the data holding register 132. The signal outputted from
the 1nverter 16 1s supplied to the enable 1nput terminal EN
of the data writing register 131.

In the adjusting unit 12 with the above structure, if the
reading signal RS is not active (at the H level) at the end
timing of the external clock period next to the start pulse
S11, the H-level signal 1s supplied to the enable input
terminal EN of the D flip-flop 122. Thus, the start pulse S11
1s transmitted through the D flip-flops 121 and 122 and 1is
sequentially shifted. The adjusting unit 12 outputs the
adjusting signal S13 which 1s at the H level only for one
period of the external clock CLK after two periods thereof.

On the other hand, if the reading signal RS is active (at the
H level) at the end timing of the period of the external clock
CLK next to the start pulse S11, the L-level signal 1s
supplied to the enable mput terminal EN of the D flip-flop
122. Although the D flip-tlop 121 is set at the H level by the
start pulse S11, the D flip-tlop 122 1s not shifted. Therefore,
the adjusting signal S13 keeps the H level even after the two
periods of the external clock CLK.

According to the first embodiment, the register unit 13
comprises a data writing register 131 and a data holding
register 132.

The data writing register 131 comprises a plurality of D
flip-flops with an enable input terminal EN, which store data
consisting of a plurality of bits. The external clock CLK 1is
transmitted to a clock mput terminal of the data writing
register 131, the reading target data RTD which 1s externally
sent 1s transmitted to a data input terminal I, and a signal
obtained by inverting the adjusting signal S13 by the
inverter 16 from the adjusting umit 12 1s supplied to the
enable mput terminal EN. As a result, only when the
adjusting signal S13 from the adjusting unit 12 1s at the L
level as the first signal level, namely, only for a period
except for the reading one, the data writing register 131
fetches and stores the reading target data RTD which is
externally supplied. The data D13 stored in the data writing
register 131 as first reading target data 1s supplied to the data
holding register 132 and the driver unit 15 from a data output
terminal O.
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The data holding register 132 comprises a plurality of D
flip-flops with an enable 1nput terminal EN, which store data
consisting of a plurality of bits. The external clock CLK 1is
transmitted to a clock mput terminal of the data holding
register 132, the data D13 is transmitted from the data
writing register 131 to a data mnput terminal I, and the
adjusting signal S13 from the adjusting unit 12 1s transmitted
to the enable mnput terminal EN. As a result, only when the
adjusting signal S13 from the adjusting unit 12 is at the H
level, namely, only for the reading period, the data holding
register 132 fetches and stores the data D13 which 1is
supplied from the data writing register 131. The data D14
stored 1n the data holding register 132 as the second reading
target data 1s supplied to the driver unit 15 from a data output
terminal O.

The driver unit 15 comprises a selector 150 and a buffer
151. The data D14 from the data holding register 132 1s
supplied to an imput terminal A of the selector 150 and the
data D13 from the data writing register 131 1s supplied to an
mput terminal B of the selector 150. The adjusting signal
S13 from the adjusting unit 12 1s transmitted to a selecting
terminal SEL of the selector 150. Therefore, if the adjusting
signal S13 1s at the L level as the first signal level, the
selector 150 selects the data D14 stored 1n the data holding
register 132. If the adjusting signal S13 1s at the H level as
the second signal level, the selector 150 selects the data D13
stored 1n the data writing register 131 and supplies 1t to the

buffer 151.

The buifer 151 outputs the signal from the selector 150 1f
the reading signal RS 1s at the H level, and 1t stops an output
operation if the reading signal RS 1s at the L level. Theretore,
the data D13 or the data D14 1s outputted as the reading data
RD only while the reading signal RS 1s at the H level

Next, a description 1s given of the operation of the
interface apparatus with the above-mentioned structure with
reference to a timing chart shown in FIG. 3.

The external clock CLK as shown in FIG. 3 1s supplied to
the interface apparatus from the peripheral device. The
peripheral device changes the reading target data updating
signal DUS from the H level to the L level at the end timing
of an external clock period TO and outputs the updated
reading target data RTD.

The pulse generating unit 11 receives the reading target
data updating signal DUS which changes from the H level
to the L level at the head timing of an external clock period
11, generates and transmits the start pulse S11 which 1s at
the H level only for the external clock period T1, and 1t to
the adjusting unit 12. Since the adjusting signal S13 1s still
at the L level for the external clock period T1, the reading
target data RTD updated at the head timing of the external
clock period T1 i1s fetched and stored in the data writing
register 131 at the head timing of an external clock period

12.

Referring to FIG. 3, if the reading signal RS outputted
from the CPU changes to the H level for the external clock
period T1, the adjusting signal S13 1s still at the L level for
the external clock period T1. Theretore, the selector 150
selects and sends the data D14 outputted from the data
holding register 132 to the buffer 151. The buifer 151
transmits the signal from the selector 150 as the reading data
RD to the CPU via the bus only when the reading signal RS
1s at the H level.

If the data D13 from the data writing register 131 1s
transmitted to the CPU as the reading data RD, the data
which changes during the reading operation is sent to the

CPU. Thus, the CPU does not fetch normal data. However,
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in the mterface apparatus according to the first embodiment,
the data D14 from the data holding register 132 which 1s
stably operated 1s transmitted to the CPU via the bus as the
reading data RD and the CPU {fetches the normal data.

The adjusting unit 12 which receives the start pulse S11
sets the D flip-flop 121 at the head timing of the external
clock period T2. The reading signal RS 1s at the L level at
the end timing of the external clock period T2 and therefore
the D flip-flop 122 1s set at the head timing of an external
clock pertod T3. As a result, the adjusting signal S13
changes from the L level to the H level at the head timing
of the external clock timing T3. By supplying the adjusting
signal S13 to the reset input terminal R of the D flip-flop
121, the D tlip-tlop 121 1s reset and shifts to a status in which
the next start pulse S11 can be received.

Further, by changing the adjusting signal S13 from the L
level to the H level, the writing operation to the data writing
register 131 1s prohibited and the writing operation to the
data holding register 132 1s permitted. As shown 1n FIG. 3,
the data D13 outputted from the data writing register 131 at
the head timing of an external clock period T4 1s set to the
data holding register 132.

If the reading signal RS outputted from the CPU changes
to the H level for the external clock period T3 as shown 1n
FIG. 3, the adjusting signal S13 1s at the H level for the
external clock period T3. Consequently, the writing opera-
fion to the data writing register 131 1s prohibited and the
selector 150 selects and sends the data D13 outputted from
the data writing register 131 to the buffer 151. The buifer
151 transmits the signal from the selector 150 as the reading
data RD to the CPU only when the reading signal RS 1s at
the H level.

Since contents of the data writing register 131 are not
changed during the reading operation by the above-
mentioned operation, the CPU fetches the normal data.

The same operations are sequentially performed. In the
example shown 1n FIG. 3, since the reading signal RS 1s at
the H level at the end timings of the external clock period T3
and the external clock period T4, the D tlip-flop 122 holds
the status. Consequently, a timing at which the adjusting
signal S13 changes to the L level 1s delayed by two external
clocks. When the adjusting signal S13 1s at the L level, the
writing operation to the data writing register 131 1s permit-
ted. When the adjusting signal S13 1s at the H level, the
writing operation to the data holding register 132 1s permit-
ted. The driver unit 15 sets the data D14 to the reading data
RD when the adjusting signal S13 1s at the L level. It sets the
data D13 to the reading data RD when the adjusting signal
S13 1s at the H level. As a result, the stable data 1s always
selected.

As mentioned above, according to the first embodiment,
a bus cycle of the CPU needs no waiting cycle irrespective
of an asynchronous relationship between the bus cycle and
the external clock CLK by controlling the timing for writing
the reading target data to the two registers of the data writing
register 131 and the data holding register 132 and by
controlling the operation for obtaining the data sent to the
CPU from the stable register. Further, the stable data 1s
accurately transmitted to the CPU 1rrespective of the period
of the bus cycle and the period of the external clock CLK.

Even if the frequency of the external clock CLK changes
by the system, the interface apparatus according to the first
embodiment 1s stably operated. Further, advantageously, the
design 1s easy because the single portion of the adjusting unit
12 1s asynchronously operated.

According to the first embodiment, the register compris-
ing the plurality of D flip-tlops 1s used as the data writing
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register 131 and the data holding register 132. However,
storing devices such as a level latch and a RAM can be used.

A circuit for transmitting the reading tareet data RTD and
the timing for updating the data functions as a part of the
function of the interface apparatus depending on the periph-
eral device. The interface apparatus used for the peripheral
device 1s simply structured.

According to a second embodiment of the present
invention, the basic structure 1s the same as that according
to the first embodiment. However, there 1s provided an
interface apparatus according to the second embodiment
preferable to a peripheral device, in which a register includes
a circuit for transmitting the data D23 as the first reading
target data 1s provided 1n the peripheral device and a cycle
for updating the data 1s longer than a reading cycle of the

CPU.

FIG. 4 15 a circuit diagram showing the structure of the
interface apparatus according to the second embodiment of
the present invention. Referring to FIG. 4, a data writing
register 231 1s provided for the peripheral device, corre-
sponding to the data writing register 131 according to the
first embodiment. Referring to FIG. 5, a register updating
signal RUS consisting of one shot pulse having the H level
only for the single period of the external clock CLK 1s
supplied to an enable input terminal EN of the data writing
register 231. Thus, referring to FIG. 5, the data D23 inputted
to the interface apparatus from the peripheral device accord-
ing to the second embodiment 1s updated synchronously
with the falling change of the register updating signal RUS.

The interface apparatus comprises an adjusting unit 22, a
register unit 23, and a driver unit 25.

The adjusting unit 22 outputs an adjusting signal S23
which permits the writing operation to a data holding
register 232 1n response to the register updating signal RUS
from the peripheral device, initializes itself, and waits until
fetching the next register updating signal RUS. The adjust-
ing unit 22 holds a status of the adjusting signal S23 while
the reading signal RS sent from a CPU (not shown) is active
(at the H level), namely, during the reading operation.

To the adjusting unit 22, the register updating signal RUS
and the external clock CLK are supplied from the peripheral
device and the reading signal RS 1s supplied from the CPU
(not shown). Specifically, the adjusting unit 22 comprises a

JK flip-flop 220, a D flip-flop 221 with an enable mput
terminal EN, and an inverter 222.

The external clock CLK 1s mputted to a clock input
terminal of the JK flip-flop 220 and the register updating
signal RUS 1s 1inputted to an mnput terminal J. Further, the
adjusting signal S23 outputted from an output terminal Q of
the D flip-flop 221 1s inputted to an mput terminal K. The JK
flip-flop 220 1s set at the end timing of the external clock
per1od at which the register updating signal RUS supplied to
the mput terminal J changes to the H level, and 1s reset at the
end timing of the external clock period at which the adjust-
ing signal S23 changes to the L level.

Thus, when the JK tlip-tflop 220 1s set once by the register
updating signal RUS, it maintains the setting status until
supplying the adjusting signal S23 at the H level to the input
terminal K. A signal S22 outputted from an output terminal
Q of the JK flip-tlop 220 1s supplied to a data mnput terminal
D of the D flip-flop 221.

The D fthip-flop 221 fetches and stores a signal S22
supplied to a data 1nput terminal D from an output terminal
Q of the D fhip-flop 220 synchronously with the rising
change of the external clock CLK only when the signal
supplied to the enable input terminal EN 1s at the H level.
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The reading signal RS 1s inverted by the inverter 222 and 1s
supplied to the enable mput terminal EN of the D flip-flop
221. Therefore, when the reading signal RS is not active (at
the H level), namely, only during a period except for the
reading operation, the D flip-tlop 221 fetches and stores the

signal S22.

The adjusting signal S23 outputted from the output ter-
minal Q of the D flip-flop 221 i1s supplied to an 1nput

terminal K of the JK flip-flop 220 and is supplied to an
enable 1mput terminal EN of the data holding register 232.

If the reading signal RS is not active (at the H level) at the
end of the external clock period next to the register updating
signal RUS, the signal at the H level 1s supplied to the enable
input terminal EN of the D flip-flop 221 1n the adjusting unit
22 with the above structure. Thus, the register updating
signal RUS sequentially shifts to the JK tlip-flop 220 and the
D flip-tlop 221, and the adjusting unit 22 outputs the
adjusting signal S23 which 1s at the H level only for the
single external clock period after two external clock periods.

If the reading signal RS 1s active (at the H level) at the end
of the external clock period next to the register updating
signal RUS, the signal at the L level 1s supplied to the enable
mnput terminal EN of the D flip-flop 221. Thus, the JK
flip-flop 220 1s set at the H level by the register updating
signal RUS and, however, the register updating signal RUS
1s not shifted to the D flip-tlop 221. Therefore, the adjusting
signal S23 maintains H level even after the two external
clock periods.

According to the second embodiment, the register unit 23
comprises the data holding register 232. The data holding
register 232 comprises a plurality of D flip-flops with the
enable input terminal EN, which can store data consisting of
a plurality of bits. The external clock CLK 1s supplied to the
clock mput terminal of the data holding register 232 and the
data D23 corresponding to the data D13 according to the first
embodiment 1s supplied to the data input terminal D as the
first reading target data. Further, the adjusting signal S23
from the adjusting unit 22 1s supplied to the enable 1nput
terminal EN. Only when the adjusting signal S23 from the
adjusting unit 22 1s at the H level, namely, during only the
reading operation, the data D23 supplied from the data
writing register 231 1s fetched and stored. The data D24
stored 1 the data holding register 232 1s supplied to the
driver unit 25 as the second reading target data.

The driver unit 25 has the same function as that of the
driver unit 15 according to the first embodiment. The driver
unit 25 comprises a gate circuit 250, an AND gate 251, a
3-state buffer 252, and a 3-state butter 253. The data D23 1s
supplied to the 3-state buifer 252 in the driver unit 25 from
the data writing register 231, and the reading target data S23

1s supplied to the 3-state bufler 253 from the second register
23.

The adjusting signal S23 from the adjusting unit 22 1s
supplied to an 1nverse mput terminal of the gate circuit 250
and the reading signal RS 1s supplied to a non-inverse 1nput
terminal. When the adjusting signal S23 1s at the L level and
the reading signal RS is at the H level, the active (H level)
signal 1s supplied to an output enable terminal of the 3-state
buffer 252. Thus, the data D23 from the data writing register
231 1s sent to the CPU as the reading data RD.

The adjusting signal S23 from the adjusting unit 22 1s
supplied to one mput terminal of the AND gate 251 and the
reading signal RS 1s supplied to another input terminal.
When the adjusting signal S23 and the reading signal RS are
at the H level, the active (H level) signal is supplied to an
output enable terminal of the 3-state buffer 253.
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Consequently, the data D24 from the data holding register
232 1s sent to the CPU as the reading data RD.

When the reading signal RS 1s active, the driver unit 25
selectively outputs any of the data D23 and the data D24 in
response to the adjusting signal S23.

Next, a description 1s given of the operation of the
interface apparatus with the above-mentioned structure with
reference to a timing chart shown 1n FIG. 5. Incidentally, the
operation of the mterface apparatus according to the second
embodiment 1s the same as that of the interface apparatus
according to the first embodiment, excluding the case 1n
which the register updating signal RUS sent from the
peripheral device 1s used 1n place of the start pulse generated
by the pulse generating unit 11 according to the first embodi-
ment. A brief description 1s given hereinbelow.

Referring to FIG. §, the data writing register 231 for
holding the reading target data of the peripheral device is
updated by the register updating signal RUS as one shot
pulse signal synchronous with the external clock CLK. The
register updating signal RUS 1s fetched to the adjusting unit
22, thereby changing the adjusting signal S23 for controlling
the writing operation to the data holding register 232 to the
H level. The adjusting unit 22 initializes itself after the
adjusting signal S23 1s changed to the H level and the D
flip-flop 221 holds a previous state during the reading
operation. Consequently, a timing for changing to the L level
1s delayed by two external clocks.

The driver unit 25 transmits the data D24 as the reading
data RD when the adjusting signal S23 1s at the L level as
the first signal level and 1t transmits the data D23 as the
reading data RD when 1t 1s at the H level as the second signal
level. When the data D23 1s selected and then the reading
signal RS 1s active, the data writing register 231 1s not
updated since the cycle for updating the data 1s longer than

the reading cycle. Thus, stable data 1s accurately sent to the
CPU.

In the interface apparatus according to the second
embodiment, the pulse generating unit 1s unnecessary and
the single register for holding the reading target data is
provided. As compared with the interface apparatus accord-
ing to the first embodiment, the structure of the interface
apparatus 1s simple according to the second embodiment. As
a result, the design 1s simplified and the interface apparatus
1S 1neXpensive.

The adjusting unit 22 according to the second embodi-
ment has substantially the same function as that of the
adjusting unit 12 according to the first embodiment. In place
of the adjusting unit 22 shown 1 FIG. 4 according to the
second embodiment, the adjusting unit 12 shown 1n FIG. 2
may be used. On the contrary, in place of the adjusting unit
12 shown 1n FIG. 2 according to the first embodiment, the
adjusting unit 22 shown 1n FIG. 4 may be used.

The driver unit 25 according to the second embodiment
has substantially the same function as that of the driver unit
15 shown 1 FIG. 2 according to the first embodiment. In
place of the driver unit 25 shown 1n FIG. 4 according to the
second embodiment, the driver unit 15 shown in FIG. 2
according to the first embodiment may be used. On the
contrary, 1n place of the driver unit 15 shown in FIG. 2

according to the first embodiment, the driver unit 25 shown
in FIG. 4 may be used.

According to a third embodiment, an interface apparatus
1s preferable to the case of using a communication device for
data communication as a peripheral device. The interface
apparatus uses such characteristics of the communication
device that reception data 1s updated to new data from old
data and a reception completing flag 1s set.
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The interface apparatus according to the third embodi-
ment has the same basic structure as that according to the
seccond embodiment. However, according to the second
embodiment, the data writing register 231 on the peripheral
device side 1s included.

FIG. 6 1s a block diagram showing the structure of the
interface apparatus according to the third embodiment of the
present 1nvention. The interface apparatus comprises the
adjusting unit 22, a register unit 33, and the driver unit 25.

According to the third embodiment, the register unit 33
comprises a data writing register 331 and the data holding
register 132. Since the data writing register 331 does not
include the enable imput terminal, data 1s fetched every
external clock CLK. However, an output from the data
holding register 132 1s selected when data from the data
writing register 331 can be changed 1n both the driver unit
15 according to the first embodiment and the driver unit 25
according to the second embodiment. If the above-
mentioned driver units are used, any of the data writing
register 132 (and the inverter 16) according to the first
embodiment and the data writing register 331 according to
the third embodiment may be used as the data writing
register. Hereinbelow, the same reference numerals as those
according to the second embodiment denote the same com-
ponents and a description thereof 1s omitted.

Reception data D30 outputted from a communication
device 30 1s read. In the communication device 30, a
reception completing flag S30 indicates that the data is
updated and has the same characteristics as those of the
register updating signal RUS according to the second
embodiment. Therefore, the reception completing flag S30 1s
supplied to the adjusting unit 22. According to the third
embodiment, the operation of the interface apparatus is the
same as that according to the second embodiment.

The interface apparatus according to the third embodi-
ment does not need the pulse generating unit, similarly to the
second embodiment. Thus, the structure of the interface
apparatus 1s simple.

Referring to FIG. 6, the adjusting unit 22 1s used similarly
to that shown 1n FIG. 4 according to the second embodiment.
However, 1n place of the adjusting unit 22, the adjusting unit
12 shown 1n FIG. 2 may be used. The driver unit 25 similar
to that shown 1n FIG. 4 according to the second embodiment
1s used. However, 1n place of the driver unit 25, the driver
unit 15 shown 1 FIG. 2 may be used.

An 1nterface apparatus according to a fourth embodiment
of the present invention is preferable to the case of using an
ADC device for A/D conversion as the peripheral device.
The interface apparatus advantageously uses characteristics
of the ADC device 1n which an AD conversion end flag 1s
generated as soon as the AD conversion 1s completed.

FIG. 7 1s a block diagram showing the structure of the
interface apparatus according to the fourth embodiment of
the present invention. The interface apparatus comprises the
pulse generating unit 11, the adjusting unit 12, the register
unit 33, and the driver unit 15.

According to the fourth embodiment, the register unit 33
comprises the data writing register 331 and the data holding
register 132. Hereinbelow, the same reference numeral as
that according to the first embodiment denotes the same
portion or corresponding portion and a description thereof 1s
omitted.

Digital data D40 outputted from an ADC device 40 1s
read. In the ADC device, the AD conversion end flag
indicates the completion of the AD conversion, and has the
same characteristics as those of the reading target data
updating signal DUS according to the first embodiment.
Therefore, the AD conversion end flag S40 1s supplied to the
pulse generating unit 11. The operation of the interface
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apparatus according to the fourth embodiment 1s the same as
that according to the first embodiment.

The interface apparatus according to the fourth embodi-
ment has the operation and advantages similar to those
according to the first embodiment.

Referring to FIG. 7, according to the fourth embodiment,
the adjusting unit 12 1s used similarly to FIG. 2 according to
the first embodiment. In place of the adjusting unit 12, the
adjusting unit 22 shown 1n FIG. 4 may be used. Although the
driver unit 15 1s used as shown i FIG. 7 similarly to that
shown 1n FIG. 2 according to the first embodiment, the
driver unit 25 shown in FIG. 4 may be used in place of the
driver unit 135.

An 1nterface apparatus according to a fifth embodiment of
the present invention 1s preferable to the case of using a
timer device as the peripheral device. The interface appa-
ratus advantageously uses characteristics of the timer device
in which a timer value 1s updated synchronously with a
count-up tlag CF having one shot pulse.

According to the fifth embodiment, the basic structure of
the 1nterface apparatus 1s the same as that according to the
second embodiment. The interface apparatus according to
the fifth embodiment uses the count-up flag CF as the start
pulse.

FIG. 8 1s a block diagram showing the structure of the
interface apparatus according to the fifth embodiment of the
present 1nvention. The interface apparatus comprises the
adjusting unit 22, the register unit 23, and the driver unit 235.

According to the fifth embodiment, the register unit 23
comprises the data writing register 232. Hereinbelow, the
same reference numeral as that according to the second
embodiment denotes the same portion or corresponding
portion and a description thereof 1s omitted.

A timer value D33 outputted from a timer device S0 1is
read. In the timer device, the count-up flag CF indicates that
it changes simultaneously with the operation for updating
the timer value, and has the same characteristics as those of
the register updating signal RUS according to the second
embodiment. Therefore, the count-up flag CF 1s supplied to
the adjusting unit 22 as the start pulse. The operation of the
interface apparatus according to the fifth embodiment 1s the
same as that according to the second embodiment.

The mterface apparatus according to the fifth embodiment
has the operation and advantages similar to those according
to the second embodiment.

Referring to FIG. 8, according to the fifth embodiment,
the adjusting unit 22 1s used similarly to FIG. 4 according to
the second embodiment. In place of the adjusting unit 22, the
adjusting unit 12 shown 1n FIG. 2 may be used. Although the
driver unit 25 1s used as shown in FIG. 8 similarly to that
shown 1n FIG. 4 according to the second embodiment, the
driver unit 15 shown 1n FIG. 2 may be used 1 place of the
driver unit 235.

As mentioned above, 1t 1s possible to provide the 1nterface
apparatus 1n which data 1s normally transferred between a
plurality of devices which are asynchronously operated
irrespective of the periods of operating clocks of the devices.

What 1s claimed 1s:

1. An interface apparatus comprising:

a pulse generating unit which detects the change of
reading target data and generates a start pulse;

an adjusting unit which generates an adjusting signal that
changes from a first signal level to a second signal level
in response to said start pulse generated by said pulse
generating unit;

a register unit comprising a data holding register which
fetches first reading target data synchronously with a
clock that 1s externally supplied when said adjusting
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signal 1s at said second signal level, and holds said
reading target data and outputs 1t as second reading

target data when said adjusting signal 1s at said {first
signal level; and

a driver unit which outputs said first reading target data
synchronously with a reading signal that 1s asynchro-
nous with said clock when said adjusting signal is at
said second signal level, and outputs said second read-
ing target data synchronously with said reading signal
when said adjusting signal 1s at said first signal level.

2. The interface apparatus according to claim 1, wherein
said adjusting unit extends a period in which said adjusting
signal 1s at said second signal level 1n accordance with a
period 1n which said reading signal 1s active.

3. The interface apparatus according to claim 1, wherein
said pulse generating unit generates said start pulse 1in
response to the change of a reading target data updating
signal indicating that said reading target data 1s changed,
which 1s externally sent synchronously with said clock.

4. The interface apparatus according to claim 1, wherein
said adjusting unit comprises:

a two-mnput OR gate which receives said start pulse to one

input terminal thereof;

a first tlip-tlop with a reset terminal which fetches and
stores a signal supplied to a data input terminal from
said two-1nput OR gate synchronously with said clock
and supplies a signal outputted from an output terminal
to another mput terminal of said two-mput OR gate;
and

a second flip-flop which receives an inverse signal of said
reading signal to an enable 1nput terminal, fetches and
stores a signal supplied to a data input terminal from an
output terminal of said first flip-flop synchronously
with said clock, outputs said adjusting signal from an
output terminal, and supplies said adjusting signal to
said reset terminal of said first flip-flop.

5. The interface apparatus according to claim 1, wherein

said adjusting unit comprises:

a JK flip-tlop which receives said clock by a clock input
terminal thereof and receives said start pulse by a J
input terminal thereof; and

a flip-tlop which receives an inverse signal of said reading
signal to an enable input terminal, fetches and stores a
signal supplied to a data input terminal from an output
terminal of said JK flip-flop synchronously with said
clock, outputs said adjusting signal from an output
terminal, and supplies said adjusting signal to a K input
terminal of said JK flip-tlop.

6. The interface apparatus according to claim 1, wherein

said register unit further comprises:

a data writing register which fetches reading target data
that 1s externally supplied synchronously with said
clock, holds said reading target data and outputs it as
said first reading target data.

7. An 1nterface apparatus set between a peripheral device

and a bus, comprising:

an adjusting unit which generates an adjusting signal that
changes from a first signal level to a second signal level
In response to a start pulse mputted from said periph-
eral device;

a register unit comprising a data holding register which
fetches first reading target data synchronously with a
clock that 1s supplied from said peripheral device when
said adjusting signal 1s at said second signal level, and
holds said first reading target data and outputs it as
second reading target data when said adjusting signal 1s
at said first signal level; and
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a driver unit which outputs said first reading target data
synchronously with a reading signal that is externally
supplied asynchronously with said clock when said
adjusting signal 1s at said second signal level, and
outputs said second reading target data synchronously
with said reading signal when said adjusting signal 1s at
said first signal level.

8. The interface apparatus according to claim 7, wherein
said adjusting unit extends a period 1n which said adjusting
signal 1s at said second signal level in accordance with a
period 1 which said reading signal 1s active.

9. The mterface apparatus according to claim 7, wherein
said peripheral device comprises a peripheral device which
1s operated synchronously with said clock, and

said adjusting unit 1nputs a register updating signal for
instructing an updating operation of storage contents of
said peripheral register as said start pulse.

10. The 1nterface apparatus according to claim 7, wherein
said peripheral device has a timer function, and

sald adjusting unit 1mputs a count-up signal of a timer
which 1s outputted by said peripheral device as said
start pulse.
11. The interface apparatus according to claim 7, wherein
said adjusting unit comprises:
a two-mput OR gate which receives said start pulse to one
input terminal thereof;

a first flip-flop with a reset terminal which fetches and
stores a signal supplied to a data mput terminal from
said two-input OR gate synchronously with said clock
and supplies a signal outputted from an output terminal
to another mput terminal of said two-mnput OR gate;
and

a second flip-flop which receives an 1nverse signal of said
reading signal to an enable mnput terminal, fetches and
stores a signal supplied to a data input terminal from an
output terminal of said first flip-flop synchronously
with said clock, outputs said adjusting signal from an
output terminal, and supplies 1t to said reset terminal of
said first flip-tlop.

12. The interface apparatus according to claim 7, wherein
said adjusting unit comprises:

a JK flip-flop which receives said clock by a clock input
terminal and receives said start pulse by a J input
terminal; and

a flip-flop which receives an mverse signal of said reading
signal to an enable input terminal, fetches and stores a
signal supplied to a data input terminal from an output
terminal of said JK flip-flop synchronously with said
clock, outputs said adjusting signal from an output
terminal, and supplies said adjusting signal to a K input
terminal of said JK flip-tlop.

13. The interface apparatus according to claim 7, wherein
said register unit further comprises:

a data writing register which fetches reading target data
that 1s supplied from said peripheral device synchro-
nously with said clock, holds said reading target data
and outputs 1t as said first reading target data.

14. The interface apparatus according to claim 13,
wherein said peripheral device has a communication
function, and

said adjusting unit inputs a signal indicating the comple-
tion of reception which 1s outputted by said peripheral
device as said start pulse.
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